1. Introduction
===============

Hypertension is a serious public health problem which accounts for half of coronary heart disease and almost two-thirds of the cerebrovascular disease burden.^\[[@R1]\]^ It has been identified as the second leading risk factor for total disease burden just after a composite of dietary factors, and accounts for 12.0% of disability adjusted life years and 24.6% of deaths in China.^\[[@R2]\]^ It has been estimated that more than one quarter of adults worldwide had hypertension in 2000, and that this would increase to 29.2% by 2025, with almost three quarters of cases occurring in developing countries.^\[[@R3]\]^ Danaei et al^\[[@R4]\]^ reported a decreasing trend of hypertension in western countries, but an increasing trend in Southeast Asia and Oceania. In China, National Nutrition and Health Surveys indicate that the estimated number of adults with hypertension has increased dramatically during the last decade, from 153 million in 2002 to 330 million in 2010,^\[[@R5]--[@R7]\]^ with the corresponding prevalence increasing from nearly 19% in 2002 to 33.5% in 2010.

Previous studies have investigated the prevalence, awareness, treatment, and control of hypertension from a national or regional level among Chinese adults. However, most of these studies were performed in northeastern, eastern, and southern China,^\[[@R8]--[@R13]\]^ with diversity on the awareness, treatment, and control of hypertension. As the largest city in the northwest of China, Xi'an has distinct geographic characteristics, cultural behaviors, and lifestyles compared with coastal, eastern, and southern regions of China, which may affect the prevalence of hypertension. However, little information was available on the status of hypertension among adults in Xi'an. Therefore, this study aimed to investigate the prevalence, awareness, treatment, and control of hypertension as well as associated factors among adults in Xi'an.

2. Methods
==========

2.1. Participants
-----------------

From October to December 2013, participants were recruited among adults in Xi'an for a cross-sectional, population-based survey. A multiple-stage sampling method was used to select a representative noninstitutionalized sample of the adult population from all 14 districts (urban) and counties (rural) in the city. In the first stage, four communities (urban) or townships (rural) from each district or county were randomly selected. In the second stage, three residential committees (urban) or villages (rural) were randomly selected from each selected community or township. The final stage of sampling was stratified by sex and by age distribution according to Xi'an 2010 census data. The probability proportional to size sampling method was used in the first two stages. All participants aged ≥18 years with more than 6 months in their current residence and who were willing to participate were included in the survey. Participants were excluded if they met any of the following criteria during the survey period: dementia, schizophrenia, serious illness, deaf, or dumb.

Ethical approval was obtained from the Ethics Committee of the Fourth Military Medical University and Xi'an Centre for Disease Control and Prevention. All participants signed informed consent forms prior to enrollment.

2.2. Data collection
--------------------

A central survey site was set up in a community clinic or health center in the participants' residential area, and the participants were interviewed and received a health examination on-site. The investigators were medical researchers, physicians, nurses, and technicians. The health examination involved the measurement of height, weight, waist circumference (WC), blood pressure (BP), and fasting blood glucose. The questionnaire collected a wide range of information on socio-demographics and other factors including education, marital status, career, and lifestyle (such as smoking, alcohol drinking, and physical activity). For each participant, self-reported histories of diabetes and dyslipidemia were recorded.

Height, weight, and WC were measured according to the standard protocol.^\[[@R14]\]^ Height was measured without shoes with a metal column height meter to the nearest 0.1 cm. Weight was measured in light indoor clothing and barefoot using balance beam scales placed on a firm, level surface to the nearest 0.1 kg. Body mass index (BMI) was calculated as weight (kilograms) divided by height (meters) squared. WC was measured halfway between the lowest rib margin and the iliac crest using plastic tape to the nearest 1 cm. Systolic and diastolic blood pressure was measured with standardized mercury sphygmomanometers. Three consecutive measurements on the right arm at heart level were taken after the participants rested in a seated position for 5 minutes according to 1999 World Health Organization/International Society of Hypertension guidelines.^\[[@R15]\]^ The mean of the latter two measurements was used for analysis. Fasting plasma glucose was measured using the glucose oxidase method.

2.3. Quality control
--------------------

Stringent programs were implemented to ensure the validity and reliability of the study data. All investigators were trained before the survey on the use of standardized protocols and instruments for data collection and the data were recorded on the questionnaire by the investigators. At each survey site, investigators were required to check all information after each interview, and a key investigator was responsible for rechecking all the questionnaires for each survey site. If there was missing information or logic errors, a repeated interview or examination was required on site. All measuring instruments were corrected before measurement. All data were double entered into a database established by using Epidata 3.1 software (Epidata Association, Odense, Denmark) and then compared and checked for errors.

2.4. Definitions
----------------

Hypertension is defined according to the Chinese Guidelines on Prevention and Control of Hypertension^\[[@R16]\]^ as an average BP ≥140/90 mm Hg, and/or a self-report of being previously diagnosed with hypertension and of taking antihypertensive medication in the last 2 weeks. Awareness of hypertension was defined as self-report of any previous diagnosis of hypertension by a healthcare professional before the survey. Treatment of hypertension was defined as the self-reported use of a prescription medication for the management of hypertension during the previous 2 weeks. Control of hypertension was defined as the pharmacological treatment of hypertension associated with an average BP \< 140/90 mm Hg.

Diabetes was defined as a fasting plasma glucose level of ≥7.0 mmol/L (126 mg/dL), and/or a self-report of being previously diagnosed with diabetes and taking antidiabetic medication. Dyslipidemia was defined as a self-reported history of being previously diagnosed with dyslipidemia by a health professional before the survey. Smokers were defined as those participants who reported currently smoking or having smoked at least 100 cigarettes in his or her lifetime. Alcohol drinkers were defined as those participants who reported having one drink at least once per week over the last 12 months. Physical activity was assessed by the global physical activity questionnaire, which was classified into low, moderate and high physical activity levels according to criteria used in other studies.^\[[@R17]--[@R18]\]^ Body size was grouped into underweight (BMI \< 18.5 kg/m^2^), normal (BMI ≥ 18.5 kg/m^2^ and BMI \< 24 kg/m^2^), overweight (BMI ≥ 24 kg/m^2^ and BMI \< 28 kg/m^2^), and obese (BMI ≥ 28 kg/m^2^) according to the Chinese criteria.^\[[@R19]\]^ WC was divided into two categories: normal (\<85 cm for men and \<80 cm for women) and central obese (≥85 cm for men and ≥80 cm for women).^\[[@R19]\]^

2.5. Statistical methods
------------------------

Descriptive statistics were calculated and presented as the mean (standard deviation) for continuous data and the frequency (percentage) for categorical data. Inferential statistics were estimated by the Chi-square test for categorical variables. The strength of the associations between risk factors and the prevalence of hypertension, hypertension awareness, treatment, and control were assessed by multivariable logistic regression models that were performed by stepwise logistic regressions. For these analyses, awareness was strictly restricted to participants with hypertension, treatment of those who were aware of their hypertensive diagnosis, and control of those who were being treated. Odds ratios (ORs) and 95% confidence intervals (CIs) were calculated. All data were analyzed using the SAS software package, version 9.2 (SAS Institute, Cary, NC). All *P* values were two-sided and *P* \< 0.05 was considered statistically significant.

3. Results
==========

A total of 8401 participants aged 18 years or above were recruited in the study. Eight thousand and two hundred twenty eight participants completed the questionnaire and health examination (149 individuals failed to attend the interview and 24 individuals did not complete the questionnaire). Finally, 8193 participants were included for analysis (35 individuals without a BP measurement were excluded from the analysis) with 4154 (50.7%) participants living in the urban area and 4077 (49.8%) participants being men. The mean age of the participants was 41.0 ± 16.1 years old.

3.1. Prevalence, awareness, treatment, and control of hypertension
------------------------------------------------------------------

Among the 8193 participants, 21.4% (n = 1754) had hypertension, with no significant difference between sex (22.0% in men, 20.9% in women, *P* = 0.232) and residential area (20.7% in urban, 22.2% in rural, *P* = 0.092). A higher level of education, a younger age, lower BMI, and fewer complications were associated with a reduced risk of hypertension. Furthermore, higher prevalence of hypertension was found among those who were divorced or widowed, had larger WC, were current or former smokers, were alcohol drinkers, had high physical activity, and had more frequent BP measurements than their counterparts (all *P* \< 0.05) (Table [1](#T1){ref-type="table"}). Further analysis showed that the prevalence of hypertension increased with age in both sexes and in both residential areas. It was significantly higher in men than in women under 55 years of age, however, no statistical significance was found between sexes with an age of over 55 years.
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General characteristics of participants on hypertension prevalence, awareness, treatment, and BP control.
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As shown in Table [1](#T1){ref-type="table"}, participants who were older, women, divorced or widowed, non-smokers, non-drinkers, had a lower educational level, more complications, moderate physical activity, and more frequent BP measurements were more aware of their hypertension. Being older, living in an urban area, having a higher educational level, having more complications, being a former smoker, being a non-drinker, and having more frequent BP measurements were factors associated with better treatment. Only those living in an urban environment, having a higher educational level, being organization cadres, and those without obesity were more likely to have their hypertension controlled.

Among 1754 hypertension participants, 1118 (63.7%) were aware of their hypertensive condition, 829 (47.3%) took antihypertensive medication, and 312 (17.8%) had their BP at less than 140/90 mm Hg. The treatment rate was 74.2% among those who were aware of their hypertensive condition, and the optimal BP control rate was 37.6% among those who received treatment. Compared with those in rural areas, hypertension participants in urban areas were more likely to receive treatment either among all hypertension participants or among those who were aware of their hypertensive condition. A similar situation was observed for the control of hypertension. Men had lower rates of awareness, treatment, and control among all hypertension participants when compared with women. However, there was no significant difference between men and women in either the treatment among those who were aware of their hypertensive condition or the control among those who were treated (Table [2](#T2){ref-type="table"}).
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The rate of hypertension awareness, treatment, and control among adults in Xi'an by residence areas and sex.
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3.2. Risk factors associated with prevalence, awareness, treatment, and control of hypertension
-----------------------------------------------------------------------------------------------

After adjusting other variables, older age (35--44 years: Odds ratio \[OR\] = 2.88, 95% confidence interval \[CI\] = 2.21--3.74; 45--54 years: OR = 7.03, 95% CI = 5.46--9.04; 55--64 years: OR = 11.04, 95% CI = 8.50--14.35; 65 years and above: OR = 16.25, 95% CI = 12.26--21.52), higher BMI (overweight: OR = 1.70, 95% CI = 1.45--1.99; obesity: OR = 3.47, 95% CI = 2.81--4.27), larger WC (OR = 1.36, 95% CI = 1.16--1.58), more complications (diabetes and dyslipidemia: OR = 3.41, 95% CI = 2.29--5.08; diabetes only: OR = 1.40, 95% CI = 1.12--1.74; dyslipidemia only: OR = 2.16, 95% CI = 1.72--2.71) and more frequent BP measurements (\<6 months: OR = 2.13, 95% CI = 1.80--2.52) were independently and significantly associated with an increased risk of hypertension. Furthermore, women (OR = 0.71, 95% CI = 0.62--0.81), of a higher educational level (junior school: OR = 0.70, 95% CI = 0.59--0.84; senior school: OR = 0.67, 95% CI = 0.55--0.82; college or higher: OR = 0.35, 95% CI = 0.27--0.45) and of single status (OR = 0.56, 95% CI = 0.39--0.81) were inversely associated with a prevalence of hypertension. When stratified by residential area, these associations were still significant except for being women and being single in a rural area. When stratified by sex, the associations between hypertension and being single and having a larger WC were attenuated to be negative among women (Table [3](#T3){ref-type="table"}).

###### 

Risk factors analyses on hypertension prevalence, awareness, treatment, and BP control^∗^ (OR, 95% CI).
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After adjustment, older age (45--54 years: OR = 0.54, 95% CI = 0.32--0.89; 55--64 years: OR = 0.33, 95% CI = 0.20--0.55; 65 years and above: OR = 0.32, 95% CI = 0.19--0.55), more complications (diabetes and dyslipidemia: OR = 0.36, 95% CI = 0.20--0.66; diabetes only: OR = 0.99, 95% CI = 0.70--1.38; dyslipidemia only: OR = 0.50, 95% CI = 0.34--0.72), and more frequent BP measurements (\<6 months: OR = 0.05, 95% CI = 0.04--0.08; 6--12 months: OR = 0.19, 95% CI = 0.09--0.38) were associated with hypertensive awareness among all hypertension participants, whereas it was less likely for those who were alcohol drinkers (OR = 1.68, 95% CI = 1.21--2.33). Among those who were aware of their hypertensive condition, older age (45--54 years: OR = 0.32, 95% CI = 0.15--0.66; 55--64 years: OR = 0.24, 95% CI = 0.12--0.50; 65 years and above: OR = 0.22, 95% CI = 0.11--0.45), and more frequent BP measurements (\<6 months: OR = 0.31, 95% CI = 0.14--0.69) were associated with a higher rate of hypertension treatment, while those who lived in rural areas were less likely to receive the treatment (OR = 1.80, 95% CI = 1.35--2.39). Among those who were treated, it was more likely to control the BP for women (OR = 0.71, 95% CI = 0.52--0.97) or those with a higher educational level (college or higher: OR = 0.37, 95% CI = 0.19--0.69), and it was less likely for those who lived in rural areas (OR = 1.83, 95% CI = 1.33--2.51) or those who were obese (OR = 1.77, 95% CI = 1.17--2.69).

4. Discussion
=============

This population based study shows that the prevalence of hypertension among adults in Xi'an is 21.4%. Hypertension is associated with an older age, men, a lower educational level, being married, higher BMI, larger WC, more complications, and less frequent BP measurements. Among hypertension participants, 63.7% are aware of their condition, 47.3% take antihypertensive medication, and 17.8% have their BP controlled within 140/90 mm Hg. Older age, having more complications, non-drinkers, and having more frequent BP measurements are associated with hypertension awareness. Furthermore, older age, living in urban areas, and having more frequent BP measurements are associated with hypertension treatment. Only those women, living in urban areas, and having a higher educational level are associated with hypertension control, but this is less likely for those who are obese.

The prevalence of hypertension is high among adults in Xi'an with 1 in 5 adults aged 18 years or above suffering from hypertension. Accordingly, there are approximately 1.7 million people with hypertension in Xi'an. The prevalence of hypertension in the study is relatively lower than those reported in the northeastern, eastern, and central provinces of China, such as Beijing (35.5%),^\[[@R11]\]^ Liaoning (28.7%),^\[[@R12]\]^ Jilin (41.0%),^\[[@R8]\]^ Henan (26.6%),^\[[@R20]\]^ and Shandong (43.8%).^\[[@R13]\]^ Compared with the national surveys conducted in China (33.5%)^\[[@R7]\]^ and the USA (men: 30.5%, women: 28.5%),^\[[@R21]\]^ it is also much lower. Furthermore, it is similar to those in southern China, such as Guangdong (20.5%).^\[[@R10]\]^ The prevalence of hypertension varies geographically in China, and in the northwest region, it is close to the lowest prevalence in the southwest region, but is much lower than the severe high prevalence in the east and northeast regions.^\[[@R22]\]^ Less economic development and relative slower urbanization could be one of the major reasons for such a big difference in prevalence. Another reason could be that residents living in the cold northeastern regions consume significantly more sodium than southerners, which could affect blood pressure.^\[[@R23]--[@R25]\]^ Furthermore, it is possibly due to the different living styles and dietary habits in Xi'an where traditional Chinese food still dominates.

Older age and obesity are major risk factors for hypertension. The results of the study support the associations of hypertension with older age and being overweight or obese, which are consistent with previous epidemiological studies.^\[[@R7]--[@R9],[@R12]\]^ Interestingly, the prevalence of hypertension is broadly similar between men and women with an age above 55 years. This phenomenon is possibly due to hormonal factors, postmenopausal weight gain, and a different risk profile. Furthermore, the study shows that hypertension is associated with a lower educational level and men, which are also in accordance with previous studies.^\[[@R9]--[@R11]\]^ In contrast to other studies, being married is associated with the risk of hypertension in Xi'an,^\[[@R4]\]^ and similar findings were observed in a Macau study.^\[[@R9]\]^ The results from this study also highlight the relationship between diabetes, dyslipidemia, and hypertension. Diabetes and dyslipidemia have an independent association with hypertension, and the association of hypertension is strengthened with the combination of diabetes and dyslipidemia. With respect to other factors, previous studies indicate smoking^\[[@R8],[@R11],[@R26]\]^ and heavy drinking^\[[@R27]\]^ as potential risk factors for hypertension. However, the results of this study did not show such associations.

Awareness, treatment, and control among participants with hypertension in this study were 63.8%, 47.5%, and 17.8% respectively, higher than the 44.6%, 35.2%, and 11.2% found in 2010^\[[@R22]\]^ and those found in other studies in China.^\[[@R8],[@R10]--[@R13],[@R20]\]^ The reasons for this discrepancy could be the normal control level in the northwest region in mainland of China^\[[@R22]\]^ as well as the later survey time, as more and more multiple campaigns against hypertension have been launched. Another important potential factor is that all community health clinics or health centers in Xi'an, covering both urban and rural, had been involved in the management of hypertension after the release and implementation of Chinese guidelines for the management of hypertension.^\[[@R16],[@R28]\]^ Furthermore, these rates were much lower than the results found in Beijing,^\[[@R29]\]^ Macau,^\[[@R9]\]^ and the United States (the corresponding data in the 2009--2010 US National Health and Nutrition Examination Survey were 74.0%, 71.6%, and 46.5%, respectively).^\[[@R21]\]^ Compared with the control rate of 64.9% among those who were treated in the United States, the control rate among those who were treated in Xi'an is around 40%, which indicates an urgency to call for improvements in hypertension treatment. BP control is crucial for those who are hypertensive. Therefore, hypertension participants are encouraged to receive normative treatment and improve compliance to achieve optimal BP for the early prevention and control of cardio-cerebrovascular diseases and for decreasing disease burden.

In accordance with the low rate of awareness among hypertension participants in Xi'an, only 60.0% of men and 69.5% of women measured their BP within the last 12 months, and the corresponding rates in urban and rural areas were 66.4%, 63.2%, respectively. As with Ma\'s study,^\[[@R10]\]^ BP measurements were also found to be associated with both hypertension awareness and treatment in the study. Urban areas, where there is better access to health care and more qualified health professionals than rural areas, were found to be associated with hypertension treatment and control. These findings suggest that public health policy should focus more on the improvement of primary health care to encourage people to actively check their BP more regularly and receive treatment when diagnosed hypertensive, especially for men and those in rural areas. Older age is a non-modifiable risk factor independently influencing the awareness and treatment of hypertension, as is confirmed by the results of other studies.^\[[@R29],[@R30]\]^ In contrast, the findings in the current study do not support that old age is associated with hypertension control.

The study had some limitations. Firstly, it was a cross-sectional survey, which made it difficult to establish a cause-and-effect relationship between risk factors and prevalence, awareness, treatment, and control of hypertension. Secondly, family history of hypertension and dietary factors were not included in the study, which might be associated with the prevalence of hypertension and the low rate of adequate awareness, treatment, and control. Despite these limitations, the study presented representative data on the prevalence, awareness, treatment, and control of hypertension among adults in Xi'an, a city in the northwest of China with a large population of 8 million residents. It also provided evidence for further management and control of hypertension at a population level.

In conclusion, the prevalence of hypertension in Xi'an is high, with suboptimal low awareness, treatment, and control rates. The unprecedented high hypertension prevalence among adults highlights an urgent need for more aggressive public health strategies on the target population, such as older people, males, people with a lower educational level, those who are obese/central obese, or with diabetes and dyslipidemia. In addition, the low treatment and control level of hypertension, especially in rural areas, males, and young people, emphasize the importance of hypertension management.
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